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IMAGE ENCODING APPARATUS

This application is a division of application Ser. No.
08/237,891 filed May 4, 1994, now U.S. Pat. No. 5,452,007
which is a division of application Ser. No. 08/032,633 filed
Mar. 17, 1993, now U.S. Pat. No. 5,333,013, which is a
continuation of application Ser. No. 07/829,404 filed I-'cb 3,
1992, now U.S. Pat. No. 5,251,029.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an image encoding appa-
ratus and, more panicularly,-to an imagé-encoding apparatus
for quantizing conversion data obtained by converting image
information onto a frequency region, and vanable-length
coding the quantized conversion data.

2. Related Background Art

 In recent years, as an encoding method of a color image
signal, an adaptive DCT (discrete cosine transformation)
encoding method has been receiving a lot of attention. An
encoding method in the JPEG (Joint Photographic -Exput
Group) organized as an intemnational standard organization
ofencodmgmethodsofthutypeemploystheDcrencodmg
method.

A basic systemofaneacodmgmethodofthxs system wx’ll
be briefly described below. =

- FIG. 2 is a schematic block diagram- for explaining an
arrangement of & conventional encoding method using DCT
conversion, and FIGS. 3 to 6 are views for explaining
processing of the encoding -method- shown in FIG. 2.-An
mputtermmaerecewesad:gmlunageugnaltobc
.encoded, which signal is obtained by raster scaoning. The
xmageagnalmputtothetcrmmalesmputﬁoaanS
blocking circuit 4, and is. two-dimensionally divided into

~ pixel blocks each consisting of (8x8) pixels.. The image
signal is output to the next circuit in units of pixel blocks.

A DCT conversion circuit 6 DCI-converts the image
sxgnalﬁommeblochngcxmmtd and cutputs an (8x8) data
matrix for a frequency region. More specifically,.a_pixel
block consisting of image data Dy, t0 Dyg, as shown in FIG.
3, is converted into a data matrix including X, to Xgg, a3
shown in FIG 4, by the circuit 6.
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Note that X, represents a DC component in the horizon-
tal and vertical directions of the pixel block, i.c., an average
value of this pixel block. If X;; t0 Xz, are gemerally
represented by X, acomponentxepresentedbyx(,hasa
higher frequency in the vertical direction as { is larger, and
hasamgherﬁequencymthehonzontaldmcuonaijs

The data matrix output from the DCT conversion circuit
6 is input to a linear quantization circuit 8. A quantization
matrix generation circuit 18 generates a quantization matrix
(W1, to Wge; FIG. ) indicating weighting coefficients of
quantization step sizes for DCT coefficients X, to X4, and .
a cocfficient generation circuit 16 geaerates a coefficient C..
The quantization matrix (W,; to Wyg), and the coefficient C
_are input to 2 multiplication circuit 20. The multiplication
circuit 20 calculates (quC) and quantization steps of the
linear quantization circuit 8 are determined by outputs Q,,
toQ“ﬁ'omthemuluphcanoncuumm Note that the
coefficient C has a positive value, and controls the image
quality and generation data amount.

In practice, the linear quantization circuit 8 calculates
X/Q;. and outputs the-calculation results. Assume that the
outputs from the linear quantization circuit 8 are

by Gy, to Ggg. The quantized conversion data G,, to Gggq are
output from a zigzag scanning circuit 10 sequcnually from
DC components. More specifically, the zxgmg scannmg
circuit 10 outputs, to a variable length coding circuit (VL.C)
12, the data G,; to Gggq in the order of G,y, G2, G251, Gsys
Gzz- Gls' Gw Gz- Gsz» G4h ey G&s- Gas- G‘rh Gssv G‘m
Gﬂ‘h 88°

The VLC 12 calculates a predicted value for, e.g, a DC

compornent G,, among adjacent pixel blocks, and Huffman-
-encodes a predicted error from the predicted value. Alter-
natively, the VLC 12 performs equal-length coding of only
this DC compougent. On the other hand, the VLC eacodes AC
components G,, to Ggg other than the DC component G,,
while zigzag-scanning quantization outputs from low-fre-
quency components to high-frequency components. The
VLC classifies significant coefficients, which do not corre-
spond to a quantization output=0, into groups according to
their values, and Huffman-encodes 2 set of a group identi-
fication number, and a run length of the number of insig-
nificant coefficients which correspond to 2 quaatization
output=0, and are sandwiched between the immediately
preceding significant cocfficient and a current significant
coefficient. The VLC then adds an equal-length code indi-
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cating the position of a value in a group.

In general, since hxgh-freqncm:y components in an
obhque direction of an image have a low probability of
genmnon, it can be expected that the latter. half portion of .
G, after zigzag scanning often becomes 0. Therefare, vari-

~ab elcngthcodaobtaxnedmthxsmanncrcanbeexpectedto
have a very high compression ratio. Assummg a compres-
sion ratio between. %2 10-1/9 as an average, an image almost
ﬁ'eeﬁ'omxmagequalnydegmdanoncanbedecoded.

On the other hand, a transmission path generally has a

predetermined transmission capacity per unit time. When
one frame must be transmitted during each predetermined

pmodhkemacasewhemmmouonpmmmaretobc
transmitted, nxsdesuedthatacodembeoutpmhasaﬁxed
number of bits in uvits of frames or in units of pixei blocks.

If the above-mentioned coefficient C is increased, a prob-
abﬂxtythathbecomesOxsmcteased,andatotalbxtcount
NB of encoded data'is decreased. The telationship between
the coeflicient C and the total bltcountNBuexpressedby
a monotonous decrease function although it varies depend-
ing on images, andxtmknownthatthurelaﬁonsh:pxs
represented by 2 logarithmic curve shown in FIG. 6 for an
average image.

The above-mentioned JPEG, and the like pmposc a
methodofpmdxctmgacoeﬁcxentCﬂforobtammgadcmed
‘total bit count NB@. More specifically, a given coefficient C1
is encoded, and a total bit count nbl of the obtained code is-
calculated. A predicted value C2 of C0 is calculated based on’
nbl and Cl. This calculation can be predicted since the
logarithmic curve shown in FIG. 6 passes (C1, nbl).

Upon several repetitions of this operation, an encoding.
amount including several % ofanetmrfromthcdcsn'ed total
bit count NBO can be obtained.

However, processing for repetitively performing encod-
ingtodcmnmnetbcvalueofthecoeﬁcxent@xstimc
consuming, and is not- suitable for an encoding apparatus,
whxchmustmsnntoneframcdurmgaptedetctmmed'
period of time like in transmission of motion pictures. In -
particular, when an image signal having a very high bit rate
suchasahxgh—deﬁmtmntclevmonsxgnalxstobcpmcesed.
_such processing is impossible.

SUMMARY OF THE lNVENTION :

The present invention has been made in consideration of
the above situation, and has as its object to provide an image
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encoding apparatus for quantizing conversion data obtained

by converting-image information onto a frequency region,

and encoding. the quantized conversion data, wherein the

image encoding apparatus can perform high-speed process-

ing, and can set a data amount in units of frames to be a
- desired data amount. _

For this purpose, according to one preferred aspect of the
present invention, an image encoding apparatus comprises
conversion means for converting image information into-
data-on a frequency region, parallel output means for par-

-allelly outputting the converted data to output the converted
data of a plurality’ of chanmels, quantization means. for
respectively quantizing the converted data of the plurality of
channels: output. from the parallel output means; operation.
means for calculating a data amount-to be obtained when one
of the converted data of the plurality of chanuels output from
the quantization means is encoded, coefficient .generation
means for generating a quantization coefficient for control-
ling a quantization step of converted data of other channels
of the quantization means, and encoding means for encoding
at least one of the converted data of the plurality of channels-

. output from the quantization means,

Other objects and advantages of the present invention will
become apparent from the' detailed description.to follow
taken in conjunction with the appended-claims.'

BRIEF. DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing an arrangement of an
image encoding apparatus.according to the first embodiment
.of the present invention; .

FIG. 2 is a schematic block diagramr for explammgan
acrangement of a conventional encoding method using DCT
- conversion;

FIG. 3is a view showing a pixel block consisting of (8x8)
image data;

FIG. 4 is a view showmg aDCT-convetteddatz.ma!nx,

FIG. 5 i3 a view showing a quannzanon matrix indicating
weighting coeflicients of quantization step- sizes;:

FIG. 6 is a graph showing the relationship between a
control coefficient C and a total bit count;
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_ FIG. 7 is a block diagram showing'an arrangement of an
* image encoding apparatus according to the second embodi-
ment of the present invention;

FIGS. 8A and 8B are views for explaining a convergence
state of the control coefficient C;

FIG. 91is a block diagram showing an arrangement of an
image encoding apparatus ‘according to the third embodi-
ment of the present invention;
~ FIG. 10-is a chart for explaining a control opctanouofa..'
data fransmission order in the apparatus shown in FIG. 9;

FIG..11 is a chart for explaining a control operation of a
data transmission order of DC and AC componenm, whmh
-are simiiltaneously obtained; -

FIG. 12 is & block diagram showing an arrangement of an

-image encoding apparatus according to the fourth: embodi--

. ment of the present inveiition; and .

FIG. 13 mahlockdxagmmshowmganmngementofan
image encoding apparatus according to the fifth embodiment

of the present.invention.

DETAILED DESCRIPTION OF THE -
' PREFERRED EMBODIMENTS

The prefetred embodiments of the present invention will -
be .described in detail. hereinafter with teference to the
accompanymg drawings. .

"FIG..1'is a block diagram showing an arrangement of an
encoding apparatus dccording to the first embodiment of the
present invention wherein the present invention is applied to
a transmission apparatus for transmitting a television signal,

In FIG. 1, anmputtetmnalmmcewesatelevmon
signal. ‘The television signal- input from. the terminal 20 is-

- converted into 8-bit digital data by an-A/D converter 22, and:
is- divided into (8x8) pixel blocks.by an (8x8) blocking
cxmthGforp«fonnmgﬂtesameopmnonasmatmthe
blocking circuit-shown in FIG. 2. The television signal is
supplied to 2 DCT conversion circuit 28 in-units of blocks.

Pixel data D,, to D,s ‘'of each block:are converted by the
DC'I‘convemoncucmtzsmtoadam:mnx(xu to Xgg) for
3 frequency tegxonmthesamemametas in FIG. 2, and the

.data matrix is supplied to a zigzag scanning circuit 30. The
z:gzag scanning circuit 30 performs the same operation as
the zigzag scanning circuit 10 shown in FIG. 2, and outputs,

.the DCT-converted datamamx (X110 Xgg) in the order of
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x!l--xlzv xzp xg}"xzz’ xist xl',a" x23' xszv xﬂ_’ o xw
Xsos Xon Xego X7g» X g7, and X,

A quantization matrix generation circuit'36 generates the
.above-mentioned quantization matrix (W, to Wgg) In this
embodiment; since already zigzag-scanned: data are-input to-
.quantization circuits 32a-to 32, .quantization. matrix data
W11 to Wag are generated in.the order comresponding to the.
zigzag scanning, and.are supplied to-multiplication circuits
-38a to 38e. o |

The multiplication circuit 384 receivés an initial coeffi-
ciedt C1.as the above-mentioned coefficient (control: coef-
ficient) C from an initial coefficient generation circuit. Ia this
embodiment, the initial coefficient C1is set to be “1:": When
the initial coefficient C1 is set to.be “17, since W;=Q, the
multiplication circuit 382 can be omitted, and the guanriza--
tion matrix data Wy, to Wy can be directly input to the
quantization circuit-32a. :

In'tius manner, thé quantization circuit 32z obtains quan-.
tization-codes G1,, to Glg4 hased on the control coefficient.
C1. These quantized conversion: codes .G1,, .to Glg; are
input to. a2 VLC 40a..

In this embodiment, VLCs 40a to 40 do not output actual
encoded data, but output.only pieces of total .bit .count
.information nbl to b4 in units of frames obtained. upon
execution of the same processing as in the 'VLC 12'in FIG.
2. The total bit count infermation-nb1 ontput from the VLC
40a is input to a coefficient operation circuit 44a. Coefficient
operation circuits 444 0 444 predict a-contral coeficient CO
corresponding to a jesired total bit count NBO. using the

. pieces of total bit count information nb1 to ab4 from the
VLCs 40g to 404, the initial coefficient C1, and outputs C2
to C4 from the coefficient. operation circuits 444 to 44¢, and .
Tespectively output contral coefficicats C2 to C5. The coef-
fcient operation circuits 44a-to-44d output-the control
coefficients €2 to CS, obtained based on conversion data for
cone frame input to the quantization circuits 32a to 324, at the
input timing of convérsion data for. the next.frame to the
Juantization circuits 32g to 324: .

On the other hand,; circuits.(IFDLs) 34a to 344 delay the
outputs from the zigzag scanning-¢ircuit-30 by one frame
period. Therefore, the control-coeflicient C2 output from the
coefficient operation circuit 444 is input to the multiplication
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circuit 38b at the input timing of conversion data for one
frame, which are used for obtaining the control coefficient
C2, to the quantization circuit 325. The multiplication circuit
38b calculates (W .K:C) and inputs the result to the quanti-
zation circuit 32b. More specifically, the quantization circuit
32) performs the second quantization for a given frame, and
~ obtains quantization codes G2, t0 G244 based on the control

- coefficient C2. The quantized conversion codes G2,, to G2,4
are input to the VL.C 40b.
 The operations of coefficient operation circuits 44b to
444, the multiplication circuits 38¢ to 38e, the 1FDLs 345 to
344, the VLCs 40b to 404, and the guantization circuits 32¢
to 32¢ are respectively the same as thase of the coefficient
~ operation circuit 444, the multiplication -circuit 385, the
1FDL 34a, the VLC 40q, and the quantization circuit 32b.
These circuits sequentially update the predicted value of a
desired control coefficient for a given frame.

’Ihus,thcpredxctedvalucCSofthccommlcocﬂicxent
obtained from the coefficient operation circuit 444 can be
caused to comverge to a value very close to the control
coefficient CO corresponding to the desired total bit count
NB0. In- this embodiment, the control coefficient C5 is
supplied to the multiplication circuit 38¢ as a final control
coefficient C. The output from the multiplication circuit 38e
is supplicd to the quantization circuit 32e. The quantization
circuit 32¢ quantizes the output from the IFDL 344, i.e.,
conversion data, which are delayed by a total of four frame
periods, mdmpphatheqmnnzeddatatoamm

The VLC 40¢ actually performs encoding that was
described earlier with reference ‘to FIG. 2, and outputs
encoded data (DATA). The encoded data are output from an-
entry buffer 46 at a predetermined bit rate, and are muld-
. plexed with the final control coefficient C by a2 nmltiplexer
48. The multiplexed data are then output from a terminal 50
onto 2 transmission path.

The second embodiment of the present invention will be
described below.

FIG. 7 is a block diagram showing an arrangement of an
encoding apparatus acco::hng to the second embodiment of
the present invention wherein the present invention is
-apphed to a transmission apparatus for transmitting a. tele-
vision signal..

Noleﬂ!atthcsamctefcmnccnumemlsmFlG 7dcnote
the same parts as in FIG. 1, and a detailed description thereof
will be omitted. :
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In this embodiment, a coefficient operation circuit 41
supplies a predicted initial coefficient as the above-men-
tioned quantization coefficicnt (control cocfficicnt) C1 to a
multiplication circuit 38a. Note that the predicted mxpal
coefficient will be described later. The coefficient operation
circuit 41 predicts a control coefficient CO comresponding to
a desired total bit count NB@ using pieces of total bit count
information nbl to nb4 from VLCs 40a to 404, the:nmal
coefficient C1, and outputs C2 to C4 of this operation circuit
41, and outputs control coefficients C2 to CS. The coefficient
operation circuit 41 outputs the control coefficients C2 to.
CS, obtained based on conversion data for one frame input
‘to quantization circuits 32 to 324, at the input timing of
conversion data for the next frame to the quantization
circnits 32a to 32d. o :
The arrangement and operations of the second embodi-
ment are the same as those of the encoding apparatus of the
first embodiment, except for the above-mentioned arrange-
ment and operations.
The predicted initial coeflicient will now be.described.
In general, motion pictures have a high correlation among
frames. For this reason. when adaotive: DCT encoding is
performed to set a control coefficient (quantization coeffi-
cieat) so as to maintain a constant total data amount for one
picture (one frame), the.control coefficients become aimost
the same among frames. - e .
In this embodiment, by utilizing the high correlation
among frames, a value obtained in the immediately preced-
ing frame is used as a control coefficient to be input to the
multiplication circuit 38a. Thus, a convergeace time of the-
. control coefficients C2.t0o CS until an optimum cogtrol
coefficient is obtained can be shortened, and a more accurate
control coefficient can be obtained.

- A further detailed explanation will be made below with
reference to FIGS. 8A and 8B.

FIG. 8A shows values C1 to CS when a control coefficient
of a given frame is obtained. As can be seen from FIG. 8A,
the control coefficient converges to a target optimum control
cocflicient value while oscillating. -

FIG. 8B shows values C1 to CS when a control coefficient
of a frame next to the given frame is obtained. The initially
input value C1 is the control coefficient C2 of the immedi-
ately preceding frame, ie., the value C2 (this value will be
referred 10 asa predicted. initial coefficient) shown in FIG.
8A. It can be regarded that an optimum control coefficicat of
this frame is-almost the same as that of the immediately
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preceding frame. Thus, since the value C1 becomes closer to
the optimum control coefficient, the convergence time can
be shortened, and a value closer to the optimum control
coefficient can be obtained.

As the correlation among frames is higher, images having
higher image quality can be obtained upon repetition of this
operatien,

Thethudcmbodxmcntofthepxuentmvcnuonwﬂlbc
described below.

- FIG. 9 s a block diagram showing an arrangement of an
encodmgapparamsaccordmgtometmrdembodlmtofthe
present invention wherein the present invention is applied to
a transmission apparatus for transmitting a television signal.

Note that the same reference numerals in FIG. 9 denote
the same parts as in FIG. l,andadetaﬂeddescnpuonthemof
will be omitted.

In FIG. 9, VLCs 40a to 404 of this embodiment calculate.
‘total data amounts of only AC components after eacoding,
and output pieces of total bit count information nbl to.nb4
mmtsofﬁ'ames.Ontheotherhand,DCcomponentsate.
cqual-length coded.

The operations up to'a muluphcanon circuit 38¢, except
for the above-mentioned processing operations of the VLCs -
40a to 40d, are the same as those in the first embodiment.
The processing operations after the muitiplication circuit -
38e will be described in detail below.

The output from the multiplication circuit 38e is supplied
toaquantizaﬁoncimuitBZe.'I‘hequanﬁzaﬁoncimuitSZe
quantizes outputs from a IFDL 344, i.e., at least AC com-
ponents of conversion data delayed by a total of four frame
penods andsupphesqumnuddataﬁsutoGS.,toaVLC

'l'hc.VLC 40¢ actually performs encoding that was
described -above with reference to FIG. 2, on AC-compo-
nents G5;, to G544, and outputs encoded data (DATA). -

On the other hand, DC components are separated from the
ontputsﬁomalFDLSdcbyaDCem'acnoncmmtSI.and
are input to ‘a quantization circuit 52. The quantization
cxrthSunanuzes a DC component X,, by a predeter-
mined quantization step independently of the above-men-
tioned coeflicient C, and i xnputs the quantized componeat to
a coding circuit 54.

The coding circuit 54 equal-length codes tnc above-
mentioned DC component by, c.g., predicted -differential
encoding. DC component data equal-length coded by the
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coding circuit 54, and AC component data variable-lcagth
coded by the VLC 40e, as described above, arc respectively
input to buffer memories 56 and 46.

The read operations of encoded data from the memories
46 and 56-are controlled by a buffer control circuit 58. In this
case, control is made as follows. That is, as for encoded data
for a given frame, all the DC component encoded data of the
frame are read out first, and then, AC component eacoded
data of the same frame are read out.

Thcrelatxonsh:pbetween:eadandwnﬁcummgsofdm-

stored in, the memories 46 and 56 will be described below. -

~ HG. mxsacha:tshowmgthcth:awntennnngstoﬂm.
memory 46, ie.,, the write timings of AC component
encoded data (AC), .the data write timings to memory 56,
i.c., the write timings of DC componeat encoded data (DC),
andthedalamnnnnngsﬁ'omtbesetwo.mcmm .

SmchCcomponen: ‘encoded data (DATA-2) is quan-
tized by the constant quantization step independently of thé
above-mentioned coefficient C, quantization can be per-
formed before detertnination of the final coeficient C in the
coeficient operation circuit 444,

For this reason, in FIG. 9, PC component- data are
sepa:atedandexuactudbytheDCemacuonmmSlatﬂ:e-
input ‘side of the IFDLWattheﬁnalstage,andm
quantized by the quantization circuit 52, '

Thus; during a period for. which AC component encoded
data (AC) of a frame of interest. are -written. in the memory
46, DC compenent. encoded' data (DC) of the same frame-
already stored in the memory-56-can be read out prdor to the
AC component encoded data (AC).

‘On the other hand, FIG. 11 is a chart showing the
relationship between read ‘and write timings of data comre-

sponding © AC component encoded data (AC) .and DC
component encoded ‘data (DC) when the AC and DC com-
ponent data are quantized and encoded during a single frame
period ‘without using the DC extraction circuit. 51.

In this case, since read access-is performed to be delayed
by one frame from write access to change.the transmission
o:dcrofdata,aapaatyfortwoﬁ-am:snmqmmdfota
memory of AC componeat data.

As can be understood from the above description, a
memory Capacity. required whea the transmission. ocder of
dammchangedmmumafﬁamescorrespondswtwoﬁ:mes
according to the conventional arrangement. However, in this
embodiment, a memory having a caoacny for one. frame
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need only be arranged for AC component encoded data (AC)
30 as to change the data transmission order.

Needless to say, the memories 46 and 56 alsa have a
buffer function for reading. out data at a predetermined bit
rate. .

_ At this time, the buffer control circuit 58 controls' to
slightly delay the data read. start timing of each frame from
the write start timing, 80 that the read addresses of data from
~ the memory 46 do not overtake write addresses.

The AC component eacoded data (AC) and the DC
component cacoded data (DC) read out from the memories
4€ and S6; as described above, are multiplexed by a multi-
‘plexer 48 together with the final coefficient C, and the
multiplexed data are output from a terminal 60 onto a
transmission path: at a predetermined bit rate.

The fourth embodiment of the preseat mvention willbe
described below.

FIG. 12 is a block diagram showmg an arrangement of an.
encoding apparatus: according to the fourth embodiment of-
the present invention wherein the present invention is
applxed to a transmission apparatus for transrmttmg a tclc-
vision signal.

Note that the same refctcnce numerals in FIG. 12 denote
the same parts as in FIG. 1, and a detailed description thereof
will be omitted.

This embodiment assumes an apparatus, which does not
permit that the total bit count of each frame after variable-
length coding exceeds a desired total bit count NBO even
slightly. .

Therefore,- unlike in the ﬁrst to. third embodiments, a
predicted control coefficient is not.directly used. This
embodiment selects, from control coefficients for a given
frame, a control coeﬂicxcntmpondmgtoatotal bit count
after variable-length coding, which is less than and closest-
to the desired total bit count NBO.

The-arrangement and operations. except for those associ-
ated with this selection are. the same as those of the first
embodiment.

The-aperation associated with-the above-mentioned selec-
tion .will -be described belaw.

. InFIG. 12, a four-frame period delay circuit (4FDL) 554,
a three-frame period delay circuit (3FDL) 555, .a two-frame

period delay circuit (2FDL). 55¢, and a one-frame period

delay-circuit (IFDL) 55d respectively delay control coeffi- |
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cieats Cl1, C2, C3, and C4, With these circuits, thecontml.

coefficients C1, C2, C3, and C4 input to a coeflicient selector

53becomethose£oranxmageofaangleframe.‘l‘hme

coefficicnts C1 to C4 are input to the coefficient selector 53
at the input timing of an image of the corresponding frame

to a quantization circuit 32¢ through a 1FDL 34d.’

~ ‘The timings of pieces of total bit count information bl to
nb4 obtained when quantization and encoding are petfonned
using these control coefficients CI to.C4 are adjusted to each
'otherbya3FDL5'la. a 2FDL 57b, and a 1FDL 57¢. More-
specifically, the picces of total ‘bit count (dataamount)
information nbl to nb4 corresponding to the control coef-
.ficients C1to C4mputtothccoeﬁaentselector53ammput-
to a coefficient decision circuit 59 immediately before a
period for which these control coefficients C1 to C4 are input
to the coeficient selector 53.

The- coefficient decision -circuit 59 detects- information-
corresponding to a total bit count, which is less than and
closest to the desired total bit count NB0, and supplies 2-bit
control information to the coefficient selector 53 accordmg
to the detection result. '

" Therefore, the coefficiént selector. S3 sclects a control.
coefficiént corresporiding to-a total bit count, which is less
than and closest to the- desired-total bit count NB0 upon
variable-length coding; from the control coefficients C1 to
C4, and outputs the selected coefficient. .

In this embodiment, the control coefficient output from
the ‘coefficient selector 53 is determined as a final control
coefficient C, and is supplied to a multiplication circuit 38z.
Thie output from-the nmluphcauen circuit 38 is supphed to

' the quantization circuit 32¢. The- quéntization circuit ‘32¢
quantizes outputs from the 1FDL 344, i.e., conversion data
delayed by a total offourﬂamepenods and supplies the
quantized-data to:a.-VLC 40e.

* The. VLC 40e actually performs encodmg .that “was
described above . with referencé to FIG. 2, and outputs.
encoded data (DATA). The encoded data are output from an
- entry -buffer-46-at a-predetermined: bit rate, and are: multi- -
plexed with the final control coefficient C by a multiplexer
48. The multiplexed data are then output from a terminal 50
onto a transmission path.

The fifth embodiment of the present inveation will be
described below.

FIG. 13 is a block diagram showing an arrangement of an
encoding apparatus according to the fitth embodiment of the
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present invention wherein the present invention is applied to
a transmission apparatus for transmitting a television signal.

Note that the same reference numerals-in FIG. 13 denote
the same parts as mFIG 1, and a detailed description thereof

will be omitted.

This embodiment assumes ae appaxams which does not
permit that the total bit count of each frame after variable-
length coding exceeds a desired total bit count NBO cven
slightly, like in the above-mentioned fourth embodiment.

The arrangement and operations except for those to be
described below are the same as those in the first embodi-
ment.’

In FIG. 13, VLCs40¢m40dofthxsembod1mentomput
pieces oftotalbltcountmfmnauonmumtsofﬁamm and
actually encoded codes.

Pieces of total bit countmformauon nb1 to nbS calculated
by the VLCs 40a to 40e arc input to 2 rate fixer 43. The rate
fixer 43 discriminates, from nbl to nb5 for a single frame,
total bit count information corresponding to a total bit count,
whzchxsequaltoorsmallcrthanandclowstmNBﬁ and
determines a control coefficient giving the total bit count and
encoded codes as a final control coefficient and encoded
codes. :

Data buffers 45a to 45 are used for supplying encoded.
- codes dl to d4, output from the VL.Cs 40a to 404 for the
same frame as a frame corresponding to an encoded code dS
oatput from a VLC 40e, to a data selection switch 47 at the
same timing as the encoded code dS. The data buffers 45a to
45 delay (buffer) control coefficients C1 to C4 giving the
four encoded codes d1 to d4 for a single frame, so that these
control coefficients are supplied to the data selection switch
at the same timing as the encoded codes.dl to d4.

The rate fixer.43 controls the data selection switch 47 to
outputoneofthemcodedcodedSoutput&umtbeVLCm
and the eacoded codes d1, d2, d3, and d4 cutput from the
data buffers 454, 45g, 45i, and 45j as a final encoded code
DATA. In addition to the .final encoded code, the data
selection switch 47 outputs one of thie control coefficient C5
-output from.a coefficient operation circuit 44d, and the
control coefficients C1, C2, C3, and C4 output from the data
buffers 454, 45g, 45i, and 45, as a final control coefficient F.

'l‘heencodedcodeDATAandthecontmlcocﬁatham
multiplexed by a multiplexer 48, and are output from a
terminal 50 onto a transmission path. |

According to the arrangement of .each of the above
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embodiments, since the control coefficient C is not fed back

at all, 2 period required for. processing for one frame can

become the same as that of processing using a constant
control coefficient C although a calculation of the control
coefficient C for a single frame is performed five times.

Thus, very high-speed processing can be realized.

In the third embodiment, the data transmission order can
be changed, i.e., DC component encoded data (DC) can be’
outpuspriortoAC component data using a small memory

Note that various modifications of the present invention
mz‘ty.hemade.withou't departing from the spirit and the
principal features of the invention.

'For example, in order to realize very high-speed process-
ing, the control coeflicient F is determined in units of frames.
However, if there is a margin for a processing time, a unit
(period) for determining the value of the control coefficient

.F can be decreased (shortened).

In each.of the above embodiments, the coefficient opera-
tion circuits 445 to 44d predict the desired control coefficient
C0 using the coefficients C2 to C4 output from the coeffi-
 cient operation circuits 44a-to 44c, and the. pieces of total bit
count information nb2 to nb4 obtained when quantization
and variable-leagth coding are performed according to the
cocflicients C2 to C4. These circuits can more accurately
predict the control coeflicient using coeflicients and total bit
.count information at the immediately preceding stages in
addition to-the above-mentioned coefficients and informa-
tion. For example, if the coefficient operation circuit 445
uses the coefficients C1 and C2 and the pieces of total bit
count information nbl and nb2 so as to calculate’ the
. coefficient C3, the coeflicient C0 can be predicted more

accurately. _

In.each of the above embodiments, in order to parallelly
output DCT-converted data X having a time difference of
one frame period, the 1FDLs 34a to 344 are series-con-
nected at the output side of the DCT conversion circuit 28

and the zigzag scanning circuit 30. When the number of bits
of the DCT-converted data X must be increased, a plurality
of 1FDLs may be connected in series at the output side of the
(8x8) blocking circuit 26 so as to save the memory capacity
of the 1FDLs, and the outputs of the 1FDLs may be
connected to the DCT conversion circuit and the zigzag
scanning circuit

In the fifth embodiment, the encoded code output from the -
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VLCs 40a to 40¢ for a single frame can be output. In
practice, the same effect can be obtained in such a manner
thattheencodedcodes&omonlythemm-anndm '
be output, or the encoded codes ~ output from the VLCs
40c to 40e cai be selectively output. In this case, the
' capacity of each data buffer can be decreased as compared |
to the embodiment shown in FIG. 13, and an increase in
hardware size can be suppressed.

- Therefore, the above-mentioned embodimemsammerely
examplesmallrespects.andnmstnotbeconstrmdtohmt
the invention.

'I'hescopeofﬂxepresentmvenuomsdeﬁnedbythescope
- of the appended claims, and is not limited at.all by the
- specific descriptions of this specification. Furthermore, all
the modifications and changes belonging to equivalents of
theclmmsmconndexedmfallwxdnnthescopeoftﬁe
present invention. '
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What is claimed is: -
L An image processing apparatus, comprising: |
a) dividing means for dividing image. data of an input
picture into a plurality of blocks;
b)aplumhtyofcodequanntyaﬂmahonmunsfor
estimating code quantity of data provided by coding the
- blacks by different quantization steps; and
. ¢) determination means for determining the quantization
step to be used for the code quantity estimation of the
blocks by referring to the quantization step used for the
code quantity estimation of the other blocks. T
?.Anappammaaccomgtoclmml.ﬂmhereompnmg
qumunnonmgmemmnmforpmwdmgam- .
'monquannunonnmnxmmdplmamyofcodcqmuty '
estimation means. :
3. Anappmm:mdmgmdmml.whanmeachof
sa1d phnnhtyofeodequamwaummwmemsmcludaqm
tization means for quantizing data of the block divided by
said dividing means,

4 Anappa:amsaccordmgtoclaxml wherexnsatd
dmdmg means includes orthogonal transform means for
orthogonally transforming data of the blocks. _

-2 Anappamm:accordxngtoclmmtt wherein ‘said
plurahty of code quandty: estimation means performsan -
estimation operation on an A.C. component of transform
data. output from said orthogonal transform means.

- 6. An" apparams according: to claim 4, wherein ‘said
orthogonalmfonnmeanspetfonusdxmtecosmemo'
formation.

7. Anapparam:accotdmgtoclaxml further comprising
control means for controlling thequanuzanon step of one of
said plurality of code quantity estimation means amdmg '
to an output of another onc of said plurality of code quantity
estimation means.

8. An apparatus according to claim 7, wherein said control
means includes generation means for geacrating quantiza-
tion control informatiod for coatrol of the quantization step.

9. An apparatus according to claim 8, further comprising
coding means for coding the data of the blocks by using the
quantization control information. generated by said g

~ tion means. -

10. An apparatus accordmg to claim 9, further comprising
multiplexing means for nmluplexmg coded data output from
said coding means and the quantization control information
used to obtain. the coded data.



